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Introduction
Since 1929 many studies have examined the link between breast feeding and intelligence, most finding higher IQ scores among children who were breast fed. 1 The few randomised controlled trials were confined to preterm infants, [2] [3] [4] whereas studies of individuals born at term were observational in design. Inference from the observational studies is hampered by confounding: there are fundamental differences between mothers who choose to breast feed and those who do not. Studies that do not control adequately for confounders may mistake residual confounding for a real effect of breast feeding.
Many potential confounding variables have been identified, including duration of breast feeding, sex, maternal history of smoking, maternal age, maternal intelligence, maternal education, maternal training, paternal education, race or ethnicity, socioeconomic status, family size, birth order, birth weight, gestational age, and childhood experiences. 5 Those singled out as particularly important include socioeconomic status, maternal education, and birth weight 6 or socioeconomic status/parental education and stimulation of the child. 7 In contrast, maternal intelligence is relatively overlooked as a potential confounder. This is surprising given the heritability of intelligence 8 and the known association of maternal intelligence with both the initiation and duration of breast feeding. 9 We examined the relation between breast feeding and intelligence and assessed the role of maternal IQ and other covariates in generating the association. We took both a conventional approach to control for confounders and an alternative approach using sibling comparison analysis. Used recently to assess the benefits of breast feeding, 10 this approach has the considerable advantage of controlling for many confounding factors without having to measure them. Any factor that is the same for both members of a pair of siblings is automatically and fully controlled for. Thus, the method implicitly controls for parental intelligence.
Methods
We used data from the US national longitudinal survey of youth 1979 (NLSY79). 11 This is a population based sample of 12 686 young people (6283 female) aged 14 to 22 when first interviewed in 1979 who were then interviewed annually until 1994 and biennially thereafter. Since 1986 the children of the women in the survey have also been assessed biennially. The database for the children is referred to as the NLSY79 child and young adult sample ("young adult" because some of the children are now of adult age). 12 As preterm babies are known to have different nutritional needs 13 we excluded children born before the 35th week and those who weighed less than 2500 g at birth. We also excluded those born before 1979, when the survey began.
Measures
Children's cognitive ability-The Peabody individual achievement test (PIAT) was administered to children between the ages of 5 and 14 biennially from 1986 to 2002. Children were tested repeatedly if they fell within the age range in test years. We used the PIAT total scores, as well as the individual component scores for mathematics, reading comprehension, and reading recognition. To aid comparison of effect sizes across measures and with the results of other studies, we standardised all outcomes to a mean of 100 and standard deviation of 15.
Breast feeding-Women who had had a child since the previous interview were asked whether they breast fed the child at all and, if so, how old the child was when they stopped breast feeding. In most cases this information would have been obtained within a year of the birth. Even so, reports on duration of breast feeding were probably less reliable than reports of whether a child was breast fed or not.
Control variables-We chose control variables on the basis of associations with breast feeding or childhood cognitive development in the survey, 14 15 other studies of breast feeding and cognitive development, 9 16 17 and the most recent reviews of the subject. 5-7 18 Child's environment-The short form of the home observation for measurement of the environment scale (HOME-SF) 19 was completed at each assessment, and we used the cognitive stimulation and emotional support subscales.
Child demographics-Sex, age, gestation (weeks), birth weight, and birth order were also used in the models.
Maternal characteristics-Maternal cognitive ability was measured with the armed forces qualification test (AFQT). 11 This is derived from the arithmetic reasoning, word knowledge, paragraph comprehension, and mathematical knowledge sections of the Armed Services vocational aptitude battery. It was administered in 1980. Level of education was classified as the highest grade completed by the mother at the time of the child's birth. Race was classified as Hispanic, black, or non-Hispanic/ non-black. The latter includes white people and others who did not identify themselves as black or Hispanic. Poverty status indicates whether the household income was below the poverty threshold at the birth of the child. We also included the mother's age at the birth of the child plus a binary variable to indicate whether the mother smoked during the pregnancy.
Statistical analysis
Linkage of the data from the survey with the child and young adult sample resulted in a dataset that contained one or more assessments for each child and one or more children per mother. This can be viewed as a hierarchical structure of assessments nested within children and children nested within mothers. The multiple assessments made on each child are unlikely to be statistically independent, nor are the data for siblings. To accommodate this lack of independence we used random effects models, which have the advantage of being able to use all available assessments for each child and all children, whether they are siblings or not. The statistical background for this use of random effects models is given elsewhere, 20 21 and tutorial articles showing analyses similar to those conducted here are also available. [22] [23] [24] [25] All analyses were carried out separately for PIAT total score and the three subscales: mathematics, reading recognition, and reading comprehension. Initial analysis assessed the association between each of the potential confounders and breast feeding. The main analyses estimated the effect of breast feeding on cognitive ability; examined the extent to which each of the confounders, individually, attenuated the effect; and then examined the attenuation of multiple confounders.
To use the random effects models we structured data so that each occasion when measurements were done was a separate record in the data file. Each child then has one or more records depending on the number of PIAT assessments completed. Data that were not assessed repeatedly, or do not change with time, were attached to this record, including, for example, information about the mother, the pregnancy, and the child's birth. Each record was also indexed with some time or occasion variable. We used the child's age at the time of the assessment, centred at 10 years. To control for the correlation between repeated measures and between siblings, the models included random intercepts, random slopes in age (the child's), and intercept-slope covariance, both at the child level and at the level of the mother. Thus there were six random effects in each of the models. All models also included a fixed effect of child's age. The models were estimated by restricted maximum likelihood with proc mixed in SAS version 9.1.
As the sample contained a large number of siblings, it was also well suited to examining the same question with sibling comparison analysis. A simple test of the null hypothesis of no effect of breast feeding can be made by identifying pairs of siblings in which one sibling was breast fed and the other was not, subtracting the PIAT scores of the sibling who was not breast fed from those of the one who was, and testing whether the resulting differences have a mean of zero. The same can be done for sibling pairs that are discordant for duration of breast feeding, subtracting the scores of the sibling with the shorter duration of breast feeding.
We considered the results of both types of analysis in the context of other comparable studies via meta-analysis (comprehensive meta-analysis program version 2.2.020, www.metaanalysis.com). There are no agreed standards of study quality in this area, and the four recent reviews identified all used different criteria, resulting in sets of studies with relatively little overlap. 5-7 18 We included only studies that quantified the effect of breastfeeding status on cognitive ability after controlling for parental intelligence among full term infants. We searched Medline (1966 to January 2006), ISI Web of Knowledge, and the British Library's electronic table of contents for any combination of "breast feeding/breast milk/infant feeding" and "cognitive development/intelligence/intellectual development" and supplemented the results with additional studies identified from the reference lists of the four reviews mentioned and from those of individual studies. Table 1 shows descriptive statistics for the potential confounders, broken down by breastfeeding status. The association of each of them with breastfeeding status is shown as an odds ratio. Children who were breast fed had mothers with higher IQ and with more education and who were older, less likely to be in poverty or to smoke, and more likely to provide a more stimulating and supportive home environment. Hispanic mothers were less likely to breast feed their children and black mothers much less likely. The children who were breast fed were likely to be heavier at birth and earlier in birth order, although this could be a reflection of family size. There was no difference in gestation or the proportion of male infants who were breast fed.
Results
A one standard deviation advantage in mother's IQ more than doubled of the odds of breast feeding. Mother's education had a similar but slightly weaker effect. As gestation and sex were not significantly associated with breast feeding, they were not included in the remaining analyses. For the analyses of PIAT scores we had full data on 16 744 assessments of 5475 children born to 3161 mothers. Table 2 shows the effect of breast feeding on the cognitive outcomes, both unadjusted and adjusted individually for each of the confounders. Each row gives the effect of breast feeding on the outcome as a regression coefficient (B) with its standard error and P value, adjusted for the confounder listed. The attenuation of the effect size is shown as a percentage of the unadjusted figure. The unadjusted effects of breast feeding correspond to an advantage for those breast fed of 4.1 to 4.7. These are comparable with effects reported in other studies. 5 Adjustment for mother's IQ reduced this advantage by 71% to 75%, and adjustment for mother's education by 34% to 42%. Family poverty, maternal race, maternal age, and HOME stimulation score were important confounders. Table 3 shows the results of including all the confounders simultaneously. In this case, each row of the table gives the effect of the confounder on the outcome, adjusted for all the others and for the child's age at assessment. The fully adjusted effect of breast feeding averages slightly less than half a point with a range of 0.36 to 0.52. These are small effects, and none is significant even with the large numbers in these analyses. Maternal IQ has the largest independent effect, with maternal education, age, family poverty, HOME stimulation score, and birth order all making independent contributions for most outcomes.
To simulate a study without adjustment for maternal intelligence, but which was otherwise well controlled, we re-ran the models in table 3 omitting maternal IQ. The effects of breast feeding were then at least double those shown in table 3 and all were significant (table 4) . Although these effects were still small, they do show that omitting maternal intelligence can seriously overestimate the effect of breast feeding.
Because observational studies use dose-response relation to infer causality 26 we repeated the analysis including data only on those who were breast fed and introducing duration of breast feeding in months (defined as four weeks) to the model (table 4) . Although the effects for reading comprehension and PIAT total score were significant, all effects were small considering that the median duration of breast feeding is three months and the 95th centile is 14 months. We repeated the analysis dividing those breast fed into quarters of duration of breast feeding and contrasted each of these with those not breast fed (table 4) . The results broadly concur with the previous analysis. There were significant differences for the PIAT total score and the maths and reading comprehension subscales, but only for those in the top quarter of duration of breast feeding. There were also some signs of a departure from linearity in the second quarter.
Sibling pairs analysis
There were 332 sibling pairs discordant for breastfeeding status and 545 discordant for duration of breast feeding. Table 5 shows the mean differences between both groups of siblings for PIAT scores. None of them was significantly different from zero. In both cases, we also tested for any differences between the sibling pairs in the confounding factors used in the earlier analysis. None was significant (results not shown), suggesting that the method controls for all those factors and there is no need for further analysis. In short, the sibling pairs analysis concurs with the earlier analysis in offering no support for a cognitive advantage of breast feeding once confounding is taken into account.
Meta-analysis
Our search yielded 431 references, 73 of which reported original data for full term infants. In 19 reports the analysis explicitly controlled for parental IQ and in one further report 10 it implicitly controlled for parental IQ via sibling comparisons. The 19 reports used data from 12 studies because studies that followed children prospectively and assessed them at different ages often repeated the analysis and published the results separately. When the published results did not present the data in a comparable format, we approached the corresponding author directly. The figure summarises eight of the 12 studies, [27] [28] [29] [30] [31] [32] [33] [34] together with the results for PIAT total score from our study. We excluded four studies because the data were no longer available in a suit-able form, 35 "nearly 100% had some breast feeding" 36 (T Vik, personal communication), or we could not contact the authors. 37 38 When a study assessed children at more than one age we chose the oldest age available as childhood measures of cognitive ability increase in reliability with age. 39 When more than one measure of ability was assessed we took the more general measure.
The studies with the biggest IQ advantage for breast feeding were those with smaller sample sizes and that controlled for fewer of the important additional confounders-namely, socioeconomic status, maternal education, maternal age, and HOME score. The study with the largest effect had a sample that was socially heterogeneous (D Hay, personal communication) and the next largest one that was "disadvantaged, consisting almost exclusively of members of social classes IV and V." 32 Two studies assessed the children at only 2 years of age when the available measures are "best characterized as indices of mental development, and not IQ." 8 The greatest support for an effect of breast feeding came from the study by Fergusson et al, 27 which was based on the previous largest sample and from a birth cohort with an outstanding follow-up rate. It did not, however, control for maternal age, smoking, or the HOME score, and its measure of maternal education contained only the three categories: secondary education only; secondary school qualification; tertiary qualification. The study therefore may not have been adequately controlled, as the authors themselves acknowledge in their conclusion.
In the figure we have ordered the studies by decreasing standard error, and the asymmetric pattern of the effect estimates suggests publication bias. There is significant heterogeneity in their estimates of the effect of breast feeding (Q = 21.07, df = 8, P = 0.007), which is unsurprising given the minimal criteria for inclusion, the differences between the samples studied, and in particular the different numbers of additional covariates controlled for. This is consistent with the results from the longitudinal survey: maternal IQ explains most of the effect of breast feeding, but not all; other important confounders need to be taken into account. To adjust for this difference between studies we used the number of additional confounders in each study as a predictor of the effect of breast feeding in a meta-regression. Because this varies between studies but not within them it is a good candidate for meta-regression. 40 Although a count is a somewhat simplistic summary measure, it did account for the heterogeneity (model Q = 7.41, df = 1, P = 0.006; residual Q = 13.66, df = 7, P = 0.058). The estimates (standard errors) were: intercept 3.37 (0.84); slope − 0.40 (0.15), which equates to an IQ advantage of 3.37 points in a study controlling for IQ but no other confounders, and 0.16 of a point for a study with IQ and all eight additional confounders. With full control for covariates there is effectively no advantage to breast feeding. This result is not entirely due to the high weighting that this study has in the meta-regression; an unweighted meta-regression yielded an estimated advantage of breast feeding of − 0.39 for a fully controlled study (that is, a slight disadvantage).
We analysed the results from the only other study to have used sibling comparisons 10 separately and with the corresponding results from this study. (We used the method of Evenhouse and Reilly 10 to obtain separate estimates for strict comparability.) The estimated standardised difference in means was 0.025 (SE = 0.041, P = 0.540) for breastfeeding status and 0.040 (0.036, P = 0.271) for duration of breast feeding. Thus, the evidence from the only two sibling pair studies to date, when taken together, offer no support for an advantage of breast feeding.
Discussion
Most of the observed association between breast feeding and cognitive development is the result of confounding by maternal intelligence. Level of cognitive stimulation at home, mother's educational attainment and age at the birth of the child, child's birth order, and family financial hardship all have independent effects. In fully adjusted analyses, the advantage of breast feeding was small and not significant.
Only a small proportion of the many studies that have shown a positive effect of breast feeding on children's cognitive ability control for maternal intelligence. By omitting this from the fully adjusted models, while leaving in maternal education and the other confounders, we have shown that maternal education is an imperfect surrogate. The effect sizes were at least double and were all significant. Studies that do not control for maternal intelligence will probably give biased results.
Comparison of the results of this study with others that controlled for maternal intelligence shows a pattern familiar in research synthesis, whereby the smaller studies with fewer controls display the largest effects. Our study was about five times the size of the largest previous study. 27 Heterogeneity between studies can be accounted for by the number of additional controls. The results lend little support to the hypothesis that breast feeding promotes intelligence in full term infants.
The method of sibling comparisons is well suited to assessing the benefits of breast feeding. In particular, it automatically controls for any confounding factors that are the same for each of the siblings in a pair. Other potential confounders can be incorporated into the analysis by using the within pair differences as predictors of the within pair difference in outcome in an ordinary least squares linear model. The only previous study that has used the method to assess the benefits of breast feeding examined its relation to 15 indicators of physical health, emotional health, and cognitive ability. 10 There were apparent benefits of breastfeeding status and duration for around two thirds of the outcomes. All except cognitive ability were non-significant in the sibling comparisons. They used a 10% level for significance, however, and, judged against the more conventional 5% level, the effect for breastfeeding status was not significant and that for duration of breast feeding marginal. The results from the sibling comparisons in our study and the two studies combined provide no support for a beneficial effect of breast feeding.
Wider application of results
The generalisability of the results presented here must be considered carefully. This study and the others included in the meta-analysis are all based on samples from developed countries: United States , 10 32 41 Europe, 28 30 33 Australia, 34 and New Zealand. 27 Generalisation of the findings beyond these and similar societies would be unwise. We have also excluded premature and low birthweight infants for whom the effect may be different. The broader context of breast feeding should also be considered. Evidence showing the many benefits of breast feeding for the child and mother led the World Health Organization and UNICEF to formulate the Innocenti Declaration, 42 which includes exclusive breast feeding for 4-6 months as a global goal. Many of these benefits are equally applicable to developed countries. 43 44 Even if it does not enhance intelligence, breast feeding remains "an unequalled way of providing ideal food for the healthy growth and development of infants." 45 We are grateful to Alex Ghys, Dale Hay, and Sandra Jacobson for providing data for the meta-analysis. Contributors: The idea for the paper was generated during discussions between the authors. GD conducted the analysis, wrote the first draft of the manuscript, and is guarantor. All authors made substantial contributions to subsequent revisions. Funding: GD is employed by the Medical Research Council. GDB is funded by a Wellcome advanced training fellowship and is also affiliated to the University of Edinburgh, Department of Psychology. ID is the recipient of a Royal Society-Wolfson research merit award. Competing interests: None declared. Ethical approval: Not required.
